Introduction
Strain NA-134 T (= DSM 44106 = ATCC 43724 = NBRC 14841) is the type strain of the species Saccharomonospora cyanea [1] , one out of currently nine members in the genus Saccharomonospora [2] . The strain was originally isolated from a soil sample collected from Guangyun, Sichuan, China [1] . The genus name Saccharomonospora was derived from the Greek words for sakchâr, sugar, monos, single or solitary, and spora, a seed or spore, meaning the sugar(-containing) single-spored (organism) [3] ; the species epithet was derived from the Latin adjective cyanea, dark blue, referring to the color of the aerial mycelium [1] . S. cyanea and the other type strains of the genus Saccharomonospora were selected for genome sequencing in a DOE Community Sequencing Project (CSP 312) at Joint Genome Institute (JGI), because members of the genus (which originate from diverse habitats such as soil, leaf litter, manure, compost, surface of peat, moist, over-heated grain and ocean sediment) are supposed to play a role in the primary degradation of plant material by attacking hemicellulose. This expectation was underpinned by the results of the analysis of the genome of S. viridis [4] , one of the recently sequenced GEBA genomes [5] . The S. viridis genome, which was the first sequenced genome from a member of the genus Saccharomonospora, contained an unusually large number of genes, 24, for glycosyl hydrolases (GH) belonging to 14 GH families, which were identified in the Carbon Active Enzyme Database [6] . Hydrolysis of cellulose and starch were also reported for other members of the genus (that are included in CSP 312), such as S. marina [7] , S. halophila [8] , S. saliphila [9] , S. paurometabolica [10] , and S. xinjiangensis [11] . Here we present a summary classification and a set of features for S. marina NA-134 T , together with the description of the genomic sequencing and annotation.
Classification and features
A representative genomic 16S rRNA sequence of strain NA-134 T was compared using NCBI BLAST [12, 13] under default settings (e.g., considering only the high-scoring segment pairs (HSPs) from the best 250 hits) with the most recent release of the Greengenes database [14] and the relative frequencies of taxa and keywords (reduced to their stem [15] ) were determined, weighted by BLAST scores. The most frequently occurring genera were Saccharomonospora (72.4%), Prauserella (11.3%), Kibdelosporangium (6.7%), Amycolatopsis (4.3%) and Actinopolyspora (3.0%) (101 hits in total). Regarding the two hits to sequences from members of the species, the average identity within HSPs was 99.9%, whereas the average coverage by HSPs was 99.8%. Regarding the 47 hits to sequences from other members of the genus, the average identity within HSPs was 97.1%, whereas the average coverage by HSPs was 98.5%. Among all other species, the one yielding the highest score was S. xinjiangensis (AJ306300), which corresponded to an identity of 98.7% and an HSP coverage of 100%. (Note that the Greengenes database uses the INSDC (= EMBL/NCBI/DDBJ) annotation, which is not an authoritative source for nomenclature or classification.) The highest-scoring environmental sequence was FN667150 ('stages composting process full scale municipal waste compost clone FS1575'), which showed an identity of 99.6% and an HSP coverage of 97.9%. The most frequently occurring keywords within the labels of all environmental samples which yielded hits were 'skin' (26.6%), 'nare' (10.5%), 'fossa' (5.3%), 'forearm, volar' (4.5%) and 'human' (4.4%) (149 hits in total), and show no fit to the habitats from which the validly named members of the genus were isolated. The most frequently occurring keywords within the labels of those environmental samples which yielded hits of a higher score than the highest scoring species were 'compost' (25.0%) and 'full, municip, process, scale, stage, wast' (12.5%) (1 hit in total). Figure 1 shows the phylogenetic neighborhood of S. cyanea in a 16S rRNA based tree. The sequences of the three identical 16S rRNA gene copies in the genome differ by one nucleotide from the previously published 16S rRNA sequence (Z38018).
Cells of strain NA-134 T form an irregularly branched, non-fragmenting, vegetative mycelium of 0.2 to 0.4 μm diameter ( Figure 2) [1]. The aerial mycelium had a diameter of 0.3 to 0.6 μm and formed more sessile spores than the substrate mycelium [1] . Spores are non-motile, small, and oval to ellipsoid with warty surface [1] . The growth range of strain NA-134 T spans from 24°C to 40°C, with an optimum at 28°C to 37°C [1] . Strain NA-134 T grows well in up to 10% NaCl, but not in 15% NaCl [1] . Substrates used by the strain are summarized in detail in the strain description [1] .
Chemotaxonomy
The cell wall of strain NA-134 T are of type IV, containing meso-diaminopimelic acid, with type A whole-cell sugar pattern (galactose and arabinose present) [1] . The fatty acids spectrum is dominated by saturated penta-to heptadecanoic acids: C 17:1 cis-9 (17.0%), anteiso-C 17:0 (13.0%), iso-C 16:0 (12.0%), C 17:0 (11.5%), C 15:0 (7.0%), iso-C 16:0 2OH (7.0%), C 16:1 cis-9 (6.0%), C 16:0 (5.0%), iso-C 15:0 (3.0%), and anteiso-C 15:0 (2.0%) [42] .
Genome sequencing and annotation

Genome project history
This organism was selected for sequencing as part of the DOE Joint Genome Institute Community Sequencing Program (CSP) 2010, CSP 312, "Whole genome type strain sequences of the genus Saccharomonospora -a taxonomically troubled genus with bioenergetic potential". The genome project is deposited in the Genomes On Line Database [22] and the complete genome sequence is deposited in GenBank. Sequencing, finishing and annotation were performed by the DOE Joint Genome Institute (JGI) using state of the art sequencing technology [43] . A summary of the project information is shown in Table 2 . Figure 1 . Phylogenetic tree highlighting the position of S. cyanea relative to the type strains of the other species within the family Pseudonocardiaceae. The tree was inferred from 1,371 aligned characters [16, 17] of the 16S rRNA gene sequence under the maximum likelihood (ML) criterion [18] . Rooting was done initially using the midpoint method [19] and then checked for its agreement with the current classification ( Table 1 ). The branches are scaled in terms of the expected number of substitutions per site. Numbers adjacent to the branches are support values from 600 ML bootstrap replicates [20] (left) and from 1,000 maximum-parsimony bootstrap replicates [21] (right) if larger than 60%. Lineages with type strain genome sequencing projects registered in GOLD [22] are labeled with one asterisk, those also listed as 'Complete and Published' with two asterisks [4, 23, 24] (S. azurea [25] and S. marina [26] miss their second asterisk due to very recent publication). Actinopolyspora iraqiensis Ruan et al. 1994 was ignored in the tree, because a proposal for the transfer of this species to the genus Saccharomonospora [27] was recently rejected on formal criteria [3] . Phylum Actinobacteria TAS [31] Class Actinobacteria TAS [32] Subclass Actinobacteridae TAS [32, 33] Current classification Order Actinomycetales TAS [32] [33] [34] [35] Suborder Pseudonocardineae TAS [32, 33, 36] Family Pseudonocardiaceae TAS [32, 33, [36] [37] [38] Genus Saccharomonospora TAS [34, 39] Species Saccharomonospora cyanea cyena TAS [12] Type-strain NA-134 TAS [12] Gram stain positive NAS
Cell shape variable, substrate and aerial mycelia TAS [12] Motility non-motile TAS [12] Sporulation small, non-motile spores with warty surface; single and mostly from aerial mycelium TAS [12] Temperature range mesophile, 24-40°C TAS [12] Optimum temperature 28-37°C TAS [12] Salinity grows well in up to 10% (w/v) NaCl TAS [12] MIGS-22 Oxygen requirement aerobic TAS [12] Carbon source pentoses, hexoses, but not D-glucose TAS [12] Energy metabolism chemoheterotrophic NAS , not directly observed for the living, isolated sample, but based on a generally accepted property for the species, or anecdotal evidence). These evidence codes are from of the Gene Ontology project [41] . Standards in Genomic Sciences 
Growth conditions and DNA isolation
Strain NA-134 T , DSM 44106, was grown in DSMZ medium 3 (Azotobacter Medium) [44] at 28°C. DNA was isolated from 0.5-1 g of cell paste using Jetflex Genomic DNA Purification Kit (GENOMED 600100) following the standard protocol as recommended by the manufacturer with the following modifications: extended cell lysis time (60 min.) with additional 30µl achromopeptidase, lysostaphin, mutanolysin; proteinase K was applied in 6-fold the supplier recommended amount for 60 min. at 58°C. The purity, quality and size of the bulk gDNA preparation were according to DOE-JGI guidelines and routine protocols by the DNA Bank Network [45] . DNA is available through the DNA Bank Network [46] .
Genome sequencing and assembly
The genome was sequenced using a combination of Illumina and 454 sequencing platforms. All general aspects of library construction and sequencing can be found at the JGI website [47] . Pyrosequencing reads were assembled using the Newbler assembler (Roche). 
Genome annotation
Genes were identified using Prodigal [52] as part of the DOE-JGI [53] genome annotation pipeline, followed by a round of manual curation using the JGI GenePRIMP pipeline [54] . The predicted CDSs were translated and used to search the National Center for Biotechnology Information (NCBI) nonredundant database, UniProt, TIGRFam, Pfam, PRIAM, KEGG, COG, and InterPro databases. Additional gene prediction analysis and functional annotation was performed within the Integrated Microbial Genomes -Expert Review (IMG-ER) platform [55] .
Genome properties
The genome consists of a 5,408,301 bp long circular chromosome with a 69.7% G+C content (Table  3 and Figure 3 ). Of the 5,196 genes predicted, 5,139 were protein-coding genes, and 57 RNAs; 93 pseudogenes were also identified. The majority of the protein-coding genes (74.7%) were assigned a putative function while the remaining ones were annotated as hypothetical proteins. The distribution of genes into COGs functional categories is presented in Table 4 . Insights into the genome sequence
Comparative genomics
The phylum Actinobacteria is one of the most species-rich phyla in the domain Bacteria [31] . As of today the phylum contains the following ten orders, Acidimicrobiales, Actinomycetales, Bifidobacteriales, Coriobacteriales, Euzebyales, Gaiellales, Nitriliruptorales, Rubrobacterales, Solirubrobacterales, Thermoleophilales, with a total of 58 families [3] . Among these, the family Pseudonocardiaceae holds the genus Saccharomonospora, with 5 out of the 9 type strains for the member species having already completely sequenced genomes; the remaining 4 type strains have yet unpublished draft genome sequences according to the Genomes On Line Database (GOLD) [22] .
Here we present a brief comparative genomics comparison of S. cyanea with a selection of its closest phylogenetic neighbors that have already published genome sequences (according to Figure  1 ): S. viridis [4] , S. azurea [25] and S. marina [26] . Standards in Genomic Sciences An estimate of the overall similarity between S. cyanea, on the one hand, and S. viridis, S. azurea and S. marina, on the other hand, was generated with the Genome-to-Genome Distance Calculator (GGDC) [56] [57] [58] . This system calculates the distances by comparing the genomes to obtain HSPs (high-scoring segment pairs) and interfering distances via a set of formulas (1, HSP length / total length; 2, identities / HSP length; 3, identities / total length). For convenience the GGDC also reports model-based DDH estimates along with their confidence intervals [58] . Table 5 shows the results of the pairwise comparison. The comparison of S. cyanea with S. azurea reached the highest scores using the GGDC, 71% of the average of genome length are covered with HSPs. The identity within the HSPs was 85%, whereas the identity over the whole genome was 61%. The lowest similarity scores were observed in the comparison of S. cyanea with S. marina with only 28% of the average of both genome lengths covered with HSPs. The identity within these HSPs was 79%, whereas the identity over the whole genome was only 22%. With regard to S. cyanea and S. azurea the corresponding DDH estimates were below the 70% threshold under formulas 1-3 throughout: 52.6% (±3), 28.6% (±3) and 45.4% (±3). The DDH estimates confidence intervals are given in parentheses as provided by [58] . The remaining pairings resulted in even smaller DDH estimates (data not shown). As expected, those distances relating HSP coverage (formula 1) and number of identical base pairs within HSPs to total genome length (formula 3) are higher between S. cyanea and S. azurea than between S. cyanea and S. viridis or S. marina, respectively. That the distances relating the number of identical base pairs to total HSP length (formula 2) behave differently indicates that the genomic similarities between all four type strain genomes are strongly restricted to more conserved sequences, a kind of saturation phenomenon [56] . In order to further compare the genomes of S. cyanea, S. viridis, S. azurea and S. marina, correlation values (Pearson coefficient) according to the similarity on the level of COG category, pfam and TIGRfam were calculated (see Table 6 ). The highest correlation value (0.97) was reached for S. cyanea and S. azurea on the level of pfam data; the correlation values on the basis of COG and TIGRfam data were only slightly smaller with 0.96 and 0.93, respectively. As a correlation value of 1 indicates the highest correlation, we can find a very high correlation between the genomes of S. cyanea and S. azurea considering the above data [55] . The synteny dot plots in Figure 4 shows nucleotide-based comparisons of the genomes of S. cyanea vs. S. viridis, S. azurea and S. marina. In most parts of the genomes, a high degree of similarity becomes visible with only a small number of indels. There exists a pronounced collinearity between the four genomes. The Venn-diagram Figure 5 shows the number of shared genes between the completely sequenced and published genomes of Saccharomonospora type strains. All four genomes share a rather high fraction of 3,159 genes (59-74% of the genes, respectively) whereas only 247 (S. azurea, 5%) to 1,401 (S. marina, 26%) genes are unique for one genome in the genus. The genomes of S. cyanea and S. azurea contain the highest number (324) of pairwise shared genes, including many that encode hypothetical or unknown proteins (expectedly, due to the low level of functionally characterized genes in the genus), but also numerous transcriptional regulators (such as Sigma-70 and ATP-dependent transcriptional regulator) and transporters (such as TRAP transporters, arabinose efflux permeases, ABC-type sugar transport systems and Fe 3+ -transport systems, p-aminobenzoyl-glutamate transporter, 2-keto-3-deoxygluconate permease, Na + /H + antiporter NhaD and related arsenite permeases, H + /gluconate symporter and related permeases). Surprizingly, these two genomes also share a suite of gas vesicle synthesis proteins. 
